Fermentation balances determined for different substrates in batch and continuous cultures of Lactobacillus casei revealed two pathways of pyruvate conversion by this organism, a reduction to lactate and the phosphoroclastic cleavage. Pyruvate formed anaerobically from mannitol and citrate was split by the phosphoroclastic enzyme. Lactate was the main fermentation product formed during aerobic growth on mannitol and anaerobic and aerobic growth on glucose. In glucose-limited continuous cultures pyruvate conversion was dependent on the dilution rate. At low dilution rates glucose was fermented exclusively to acetate, ethanol and formate. At high rates only small amounts of acetate, ethanol and formate were formed and lactate production was maximal. Lactate dehydrogenase of L. casei had an absolute requirement for fructose-I,6-diphosphate and manganous ions. The specific activity of lactate dehydrogenase did not differ significantly at different dilution rates. It was concluded that the intracellular level of fructose-I ,6-diphosphate controlled the pathway of pyruvate conversion. In batch cultures YATP values were between 18-2 and 20.9. No evidence for oxidative phosphorylation was found. In continuous cultures YdTP values varied from 18.7 at low dilution rates to 23'5 at high dilution rates. From the dependence of YATP on the dilution rate, a maintenance coefficient of 1-52 x I O -~ was calculated. The YATP value corrected for energy of maintenance was 24.3. The possibility that the molar growth yields were erroneously high because of assimilation of growth substrate into intracellular polysaccharides, or because of energy yield from components of the medium other than the added energy source, was excluded.
INTRODUCTION
In a previous paper (de Vries & Stouthamer, 1968) we reported two pathways for pyruvate conversion in bifidobacteria: a reduction of pyruvate to L-lactate and the phosphoroclastic split. The amount of pyruvate converted via either pathway depended on the growth substrate. Indications were found that more lactate and less acetate and formate were formed from growth substrates metabolized rapidly than from substrates which permitted only slow growth. Exact data were not given because bifidobacteria were difficult to culture. In the present report, investigations are extended to a strain of Lactobacillus casei. Previously, van den Hamer (1960) found that suspensions of this organism fermented glucose almost completely to lactate, whereas appreciable amounts of volatile acids were formed from ribose. Preliminary experi- 
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ments with ribose and pyruvate indicated that the phosphoroclastic split of pyruvate operates in this organism. The purpose of the present study was to examine the relation between growth rate and pattern of fermentation products in a strain of L. casei and to determine the factor which regulates the pathway of pyruvate conversion.
Molar growth yields and YATP values (g. dry weight of bacteria formed/mole ATP) were also measured.
From the investigations of Bauchop & Elsden (1960) and others it was concluded that YATP was a constant for different micro-organisms (reviewed by Forrest, 1969; Stouthamer, 1969 20) for certain Streptococcus strains. They observed a rapid autolysis of the cells after exhaustion of the energy source from the medium and were careful to determine growth yields at the moment of maximum growth. Smalley, Jahrling & VanDemark (1968) measured anaerobic and aerobic molar growth yields of Streptococcus faecalis and found evidence for oxidative phosphorylation in this bacterium. However, growth yield measurements of two strains of Lactobacillus casei indicated that in these strains electron transport to oxygen was not coupled to any additional energy-yielding system (Brown & VanDemark, I 968).
METHODS
Organism and growth conditions. All experiments were made with Lactobacillus casei ~3 .
This strain was used by van den Hamer (1960) and was obtained from K. C. Winkler (Laboratory of Microbiology, State University, Utrecht, The Netherlands). L. casei was maintained as stab cultures in tomato-agar (Oxoid) supplemented with 2 % (w/v) glucose. The basal medium used for the growth experiments had the following composition (per 1. water): peptone (Oxoid), 10 g.; beef extract (Oxoid), 3 g.; yeast extract (Oxoid), 5 g.; Tween 80, I ml.; K,HPO,, 3-5 g.; KH,PO,, 1-5 g.;
MgS04
. 7H,O, 0-I g. ; MnSO, . 4Hz0, 0.025 g. ; pH 6.8. Glucose, mannitol and sodium citrate were added as filter-sterilized solutions, Cultures were grown at 37".
Growth experiments in batch cultures. Most growth yield determinations were carried out in the 21. vessel of the Microferm laboratory fermentor (New Brunswick Scientific Co., New Brunswick, N.J., U.S.A.). A 1000 ml. volume of the basal medium supplemented with growth-limiting concentrations of glucose, mannitol or citrate (7'5 or 10 mM) was inoculated with 50 ml. of an overnight culture grown on the same substrate. Anaerobic conditions were obtained by passing a stream of pure nitrogen through the culture (agitation at roo rev./min.). For aerobic cultures moderate aeration was used (agitation at 600 rev./min.). Growth of fermentor cultures was followed by periodically measuring the extinction at 660 nm. in a Unicam SP 600 spectrophotometer, with I cm. cuvettes. When the maximum extinction was reached, two samples ( IOO ml.) were taken for the determination of the growth yield. Growth yields were measured by filtration on membrane filters of constant weight as described Carbohydrate metabolism in L. casei 335 previously (de Vries Stouthamer, 1969) . A few growth yield determinations were made with cultures grown in 250 ml. bottles with different growthlimiting concentrations of glucose (0 to I o mM). Both for fermentor cultures and bottle cultures corrections were made for the dry weight of the medium (about 0.01 mg./ml.). Growth experiments in continuous cultures. Continuous culture studies were made in the Microferm laboratory fermentor mentioned above. In this apparatus a peristalticaction pump (model T 6 S; Sigmamotor, Inc., Middleport, N.Y., U S A . ) transferred nutrient from the nutrient reservoir to the growing vessel. It was adjusted manually to deliver the desired volume of the nutrient at a continuous rate. A second pump transferred the culture from the growing vessel to a holding vessel, and operated intermittently through the electronic level-controller. The growth vessel had a volume of 2 1. The working volume was usually about 1000 ml. The dilution rate varied from 0.12 to 0.66 h.-l. Continuous cultures were started as batch cultures. Medium, 800 ml., containing 5 mM-glucose was inoculated with 200 ml. of an overnight culture grown in the same medium. After growth had ceased, a regulated flow of fresh medium to the culture was started. The culture was run for at least six doubling times to allow establishment of a steady state. Then, duplicate samples (100 ml.) were taken for the determination of the dry weight of bacteria. Supernatant fluids were used for the determination of pH value, fermentation products and residual glucose.
Determination of glucose and fermentation products. Glucose, lactate, and ethanol were determined enzymically by means of a Biochemica Test Combination (C. F. Boehringer und Soehne, GmbH, Mannheim, Germany). Total lactate was measured according to Barker & Summerson (1941) . Acetate was determined by the enzymic method of Rose, Grunberg-Manago, Korey & Ochoa (r954), which is based on the colorimetric determination of acetyl phosphate according to Lipmann & Tuttle (1945) . Pyruvate was determined according to Friedemann & Haugen (I 943). Acetoin was determined according to Westerfeld (1952) . In all determinations, the medium was used as a blank and medium was added to standard solutions. Formate was measured with formate-nitrate reductase from Profeus mirabilis s 503. This bacterium was grown in closed bottles ( I 1.) completely filled with Oxoid MRVP medium supplemented with 69 mg. sodium azide/l. Under these growth conditions formatenitrate reductase was induced and the hydrogenlyase system was repressed (de Groot & Stouthamer, 1970) . After incubation overnight at 32O, bacteria were harvested by centrifugation and washed at least three times with 0.067 M-potassium phosphate buffer (pH 6.8). The sediment was suspended in 15 ml. of this buffer. The bacteria were then disrupted in a MSE Mullard ultrasonic disintegrator (60 W at 20 kc./sec.). The crude bacterial-free broken preparation was used to determine formate by a modification of the method described by Itagaki & Suzuki (1964) . The reaction was done in a Thunberg tube. The main tube contained, in 1.7 ml., 90 pmole potassium phosphate (pH 6.0), 25 pmole potassium nitrate, 0'25 mg. methylene blue, and 0.3 ml. extract of P. mirabilis. Samples, blanks and standard solutions (0.5 and I pmole) made to 0.3 ml. with distilled water, were placed in the side arm. Anaerobic conditions were obtained by alternately evacuating and filling with nitrogen five times. The tube was then inverted to mix the contents. After incubation at 30' for 90 min. 0-1 ml. of the incubation mixture was used to determine nitrite by a modification (Van't Riet, Stouthamer & Planta, 1968) of the method described by Nicholas & Nason (1957) . By the use of internal standards and media supplemented with ethanol, it was ascertained
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that ethanol and other fermentation products could not act as hydrogen donors in the reduction of nitrate. The medium itself gave a slow reaction for which a correction was applied.
Determination of total polysaccharide and intracellular (soluble) polysaccharide. Bacteria from 600 ml. of medium from a batch or continuous culture were harvested by centrifugation and washed once with 0.85% (w/v) NaCl. The sediment was suspended in 15 ml. of the NaCl solution. The dry weight of bacteria was determined by filtration of two 2 ml. portions of this suspension. Total polysaccharide was determined in whole cells with anthrone reagent (Trevelyan & Harrison, 1952 ) using glucose as a standard. Intracellular carbohydrate was measured by the anthrone method after the polysaccharides were isolated from the organisms as described by Zevenhuizen Determination of lactate dehydrogenase. Bacteria harvested from 400 ml. of batch or continuous culture were washed twice with 0.067 M-sodium potassium phosphate buffer (PH 6.8) and resuspended in 10 ml. of this buffer. Bacteria-free extracts were prepared with a MSE Mullard ultrasonic disintegrator (60 W, 20 kc./sec). The determination of lactate dehydrogenase was performed at 25' in quartz cuvettes (I cm. light path) with an Unicam SP 820 constant-wavelength scanner. The complete assay mixture (2-5 ml.) contained: histidine buffer of different pH values, 0.08 M; pyruvate, 4 mM; NADH, 0.3 mM; fructose-1,6-disphosphate, 1-2 mM; MnC1,.4H20, 4 mM; extract, about 0.004 mg. protein/ml. assay mixture. This assay could be performed with such a small protein concentration that no interference by NADH oxidase was obtained. The extinction was followed at 340 nm. The specific activity of lactate dehydrogenase was calculated by using the extinction coefficient of NADH (6.2 x I O~ cm.2lrnole). Protein was measured with the Folin reagent (Lowry, Rosebrough, Farr & Randall, 1951 ) with bovine serum albumin as a standard.
The production of L-lactate from pyruvate and NADH by extracts of Lactobacillus casei was determined at pH 6-5 in the presence of manganous ions and at pH 6.0 in the absence of manganous ions. The reaction mixture was as described above except that more NADH (2 mM) and more extract (0.5 mg. protein/ml. reaction mixture) were added. The reaction was done in Thunberg cuvettes under nitrogen to eliminate NADH oxidation by oxygen. A control without added NADH was run in parallel. After NADH added had been completely oxidized (as shown by measuring the extinction at 340 nm.), protein was precipitated by adding 0.1 ml. 3 N-H,SO,. In the supernatant fluid, L-lactate was measured enzymically as described above. The exact amount of NADH added was measured at 34onm. in an appropriate dilution in buffer.
Enzymes and chemicals. Acetate kinase, NADH, ATP and fructose-I ,6-diphosphate were obtained from C. F. Boehringer und Soehne GmbH, Mannheim, Germany; formate and citrate from E. Merck, Darmstadt, Germany ; pyruvate, acetoin, glucose and mannitol from B.D.H. Chemicals Ltd, Poole, Dorset. All reagents were of Analar grade.
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RESULTS
Growth of Lactobacillus casei in batch cultures
Growth of Lactobacilh casei with limiting concentrations of energy source was logarithmical up to the growth maximum. After growth had ceased, the extinction of the Carbohydrate metabolism in L. casei 337 cultures remained constant for at least 6 h. This indicated that lysis did not occur. The relation between total growth of L. casei and the concentration of glucose in the medium was linear up to a concentration of 10 mM-glucose under both anaerobic and aerobic conditions. Higher glucose concentrations were not tested. Only slight growth was obtained in the basal medium without an added energy source. The results obtained for Lactobacillus casei growing in batch cultures with limiting concentrations of glucose, mannitol or citrate are summarized in Table I . Under both anaerobic and aerobic conditions 80% of the glucose metabolized was recovered as lactate. About 90% of the lactate formed was L-lactate. Traces of acetate, ethanol, formate, acetoin and pyruvate accounted for about 5 % of the glucose carbon. Apparently a few other products were formed from glucose.
Under aerobic conditions mannitol was primarily converted to lactate, whereas under anaerobic conditions, besides lactate, large amounts of acetate, ethyl alcohol and formate were formed ( Table I ). Assuming that x mole of lactate is formed/mole mannitol, the theoretical fermentation balance for anaerobic growth on mannitol should be:
According to this equation the maximal lactate production amounts to only I mole/ mole mannitol, as under anaerobic conditions, besides pyruvate, acetyl phosphate is required as hydrogen acceptor. Lactate formed ( Table I ) was much less than I mole/ mole mannitol. The fermentation balance (Table I) fitted the theoretical balance well. There was a long lag before anaerobic growth on mannitol started. Under aerobic conditions no lag was observed. During the first steps in the degradation of mannitol, NADH is formed. Presumably, aerobic growth on mannitol was facilitated by oxidation of NADH by oxygen. Under aerobic conditions operation of the phosphoroclastic enzyme did not seem to occur.
The fermentation balance for citrate (Table I ) shows that citrate was fermented by citratase, oxaloacetate decarboxylase and the phosphoroclastic enzyme. The Crecovery of the fermentation balance was very good. Just as was found for anaerobic growth on mannitol, a long lag was observed before anaerobic growth on citrate started.
For calculating Y A T p it was assumed that 2 moles ATP were formed in the conversion of I mole glucose or mannitol to pyruvate, and that I mole ATP was formed/mole acetate arising from pyruvate. From Table I it can be seen that the YATP values were very high (range 18.2 to 20.9). Y A T p values for anaerobic growth on mannitol and citrate were somewhat lower than the other values. The aerobic molar growth yield for mannitol showed that electron transport from NADH to oxygen was not coupled with oxidative phosphorylation.
Growth of Lactobacillus casei in continuous cultures
The results of growth experiments in glucose-limited continuous cultures of Lactobacillus casei are summarized in Table 2 . At dilution rates below 0.25 h.-l no lactate was formed. Instead, pyruvate arising from glucose was split to acetyl phosphate and formate by the phosphoroclastic enzyme. Acetyl phosphate formed was partly converted to acetate with concomitant formation of ATP, and was partly reduced to ethanol. At dilution rates above 0.25 h.-l the amounts of acetate, ethanol and formate The data for citrate and mannitol represent the mean cf values found in two or three independent cultures (7-5 mM-mannitol; 10 mwsodiuni citrate).
Summary of results from growth experiments with Lactobacillus casei in batch cultures
Differences between individual values were small. $ In these cases a long lag time was observed.
3
The theoretical C-recovery (without accounting for CO, formed by decarboxylation of oxaloacetate) is 83-3 %. were formed, and lactate production was maximal. C-recoveries were from 92 to 99 yo.
No glucose was detected in the effluent culture up to a dilution rate of 0.60 h.-l. At the dilution rate 0.66 h.-l the culture slowly washed out and glucose was detected in the culture. At this dilution rate the glucose fermented was almost completely converted to lactate. At most dilution rates the pH of the culture was 6.3. In an experiment (dilution rate 0.159 h.-l) in which the culture had a lower pH value, formation of a small amount of lactate was detected. Probably the fermentation pattern is somewhat influenced by pH value.
-4 O I
?. of two determinations in one culture. 0, Points found for the basaI medium (5 mM-glucose); 0 , these points were found for a medium to which arginine, histidine, tryptophan and aspartate (all concentrations 5 mM) were added in addition to glucose.
Just as was found in batch cultures, YATP values in continuous cultures were high. The YATp value for glucose (g. dry weight of bacterialmole of ATP) varied from 18.7 at low dilution rates to 23'5 at high dilution rates. To test the possibility that the organism was capable of utilizing for energy some compounds in the medium besides glucose, continuous cultures (dilution rates 0.125 and 0.159 h.-l) were run with the basal medium supplemented with glucose, arginine, histidine, aspartate and tryptophan (all 5 mM). From Table z it can be seen that neither the amounts and type of products formed nor the growth yield indicated any fermentation and energy yield from the amino acids added. Therefore, the values found in this enriched medium were included in the calculation of the maintenance coefficient and YATP (max.) (Fig. I) . Pirt (1965) showed that for a continuous culture in which growth was limited by the energy source the molar growth yield (Ya), corrected for energy of maintenance, could be calculated from the relationship where rn, was the substrate requirement for energy of maintenancelunit amount organism/unit time, , u was the specific growth rate and Y was the apparent molar I/Y = mslP++lYct,
Calculation of maintenance energy
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growth yield. In the steady state , u was identical with the dilution rate D. This expression is valid only when the amount of energy derived from the growth substrate is constant at all dilution rates. In our experiments the amount of ATP formed/mole glucose was dependent on the dilution rate. In this case, the following relation holds where YATP (max.) is the growth yieldfmole of ATP corrected for energy of maintenance, m, is the amount of ATP required for maintenance (per unit amount of organism per unit time). YATP is the apparent growth yield/mole of ATP. A plot of 1/YATP versus I / D results in a function whose intercept at the ordinate is the reciprocal of YATp (max.) and whose slope is me.
In Fig. I the reciprocal of YATP values found for Lactobacillus casei are plotted against the reciprocal of the dilution rate. By linear regression analysis the best fit line was calculated. From the slope of this line a maintenance coefficient of 1-52 x I O -~ (moles ATP usedlg. dry weight bacteriafh.) was calculated. From the intercept on the ordinate a YATP (max.) value of 24-3 (8. dry weight bacteria/mole ATP) was calculated.
I / YAP = me/p + I / YnP (max.),
Polysaccharide content of Lactobacillus casei in continuous cultures
and batch cultures Assimilation of glucose into intracellular polysaccharides might have been the reason for the high molar growth yields found. However, intracellular (soluble) polysaccharides were not detected in Lactobacillus casei after growth in batch cultures with a limiting concentration of glucose. Both in batch cultures and in continuous cultures growing at different dilution rates, the total polysaccharide content of the bacteria was about I I yo. This value is quite normal for the percentage of cell-wall polysaccharides in bacteria (Gunsalus & Shuster, 196 I) .
Demonstration of lactate dehydrogenase
Initially, difficulties were met in the demonstration of lactate dehydrogenase in extracts of Lactobacillus casei. Previously it had been found that lactate dehydrogenase of bifidobacteria and Streptococcus bovis had absolute requirements for fructose-I ,6-diphosphate (Wolin, 1964 ; de Vries, Gerbrandy & Stouthamer, 1967) . However, addition of fructose-I ,6-diphosphate to the reaction mixture for the determination of lactate dehydrogenase of L. casei did not result in the demonstration of this enzyme. A highly active lactate dehydrogenase was detected when, besides fructose-I ,6-diphosphate, manganous chloride was added to the reaction mixture (Fig. 2) . From this it is evident that both manganous chloride and fructose-I ,6-diphosphate were required for the activity and that the oxidation of NADH was indeed caused by reaction with pyruvate. The concentration of fructose-I ,6-diphosphate required to yield 50 % of maximal activity of lactate dehydrogenase was 0.3 mM. This concentration was about six times higher than that required to activate the lactate dehydrogenase of the bifidobacteria (de Vries, Gerbrandy & Stouthamer, I 967). Fructose-1,6-diphosphate could not be replaced by other intermediates of the glycolytic system, or of glycogen synthesis, or by ATP. Manganous chloride could not be replaced by magnesium chloride. The demonstration of lactate dehydrogenase was done at pH 6-5 (Fig. 2 ) . When the pH value of the reaction mixture was decreased the specific activity of lactate dehydrogenase increased and the requirement for manganous ions gradually disappeared (Fig. 3) . In fact, at values below pH 6.1, manganous ions had a weakly Carbohydrate metabolism in L. casei 341 inhibitory effect (Fig. 3: ). Both at pH 6.5 in the presence of manganous ions and at pH 6-0 in the absence of manganous chloride, a stoichiometric amount of L-lactate was formed as compared with the amount of NADH oxidized.
The specific activities of lactate dehydrogenase in LactobacilZus casei harvested from batch and continuous cultures are shown in Table 3 . Despite the fact that no lactate 
25-8
The reaction mixture contained histidine buffer (pH 6.5), pyruvate, NADH, fructose-I ,6-diphosphate, manganous chloride and cell-free extract; for details see text.
* Expressed as pmole NADH oxidized/mg. proteinlmin.
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was formed from glucose at low dilution rates, the specific activity of lactate dehydrogenase was not appreciably different from that at high dilution rate. In batch cultures the specific activity of lactate dehydrogenase was somewhat higher than in continuous cultures.
DISCUSSION
Continuous culture studies showed that the fermentation balance of glucose for Lactobacillus casei was dependent on the growth rate. At high growth rates glucose was fermented predominantly to lactate, at low growth rates the phosphoroclastic enzyme functioned in the breakdown of glucose; acetate, ethanol and formate were the fermentation products. It is interesting that under conditions of poor glucose supply the organism adapted itself to a pathway which yielded more ATP/mole of glucose than when glucose was in excess and which gave, consequently, a higher growth yield/mole of glucose than was achieved when glucose was in good supply. An increase in the proportion of volatile fatty acids with decreasing growth rate has been observed by other investigators. Hobson & Summers (1967) reported an increase in the proportion of volatile fatty acids (acetic acid and propionic acid) with decreasing growth rates for a lipolytic bacterium growing on glycerol. For Bacteroides amylophilus the amount of volatile acids (acetic acid, formic acid) formed from maltose, varied with growth rate, showing a peak at dilution rate 0.29 h.-l (Hobson & Summers, 1967) . The results of Rosenberger & Elsden (I 960) and Hempfling, Mainzer & VanDemark (I 969) showed that at slow growth rates the amounts of volatile fatty acids formed from glucose by Streptococcus faecalis were higher than at faster growth rates.
It would be interesting to know the regulation mechanism which determines the choice between the two pathways of pyruvate conversion in Lactobacillus casei. Our attempts to show the phosphoroclastic enzyme in extracts of L. casei were unsuccessful (unpublished results). Lactate dehydrogenase turned out to have an absolute requirement for fructose-I ,6-diphosphate and manganous ions. The demonstration of large amounts of lactate dehydrogenase in extracts of L. casei grown at low dilution rates rules out the possibility that the absence of lactate formation observed at low dilution rates is a consequence of repression of lactate dehydrogenase synthesis. The absolute requirement of lactate dehydrogenase for fructose-I,6-diphosphate suggests that the intracellular concentration of this compound controls the pathway of pyruvate conversion. It seems plausible that with a fast supply of growth substrate, the intracellular level of fructose-1,6-diphosphate is higher than with a slow substrate supply. With a slow substrate supply the intracellular level of fructose-I ,6-diphosphate might be too low to activate lactate dehydrogenase, and another pathway of pyruvate conversion, the phosphoroclastic split, is used.
For growth on mannitol a second hydrogen acceptor must be present in addition to pyruvate. Under anaerobic conditions acetyl phosphate functions as a hydrogen acceptor. Therefore, for anaerobic growth on mannitol the phosphoroclastic enzyme is required. Under aerobic conditions no ethanol and formate were formed from mannitol. Thus the phosphoroclastic enzyme does not function under aerobic conditions. In a number of micro-organisms it has been shown that the phosphoroclastic enzyme is sensitive to oxygen (Lindmark, Paolella & Wood, 1969 In the present investigation high YATP values were found for Lactobacillus casei (18.2 to 20.9 in batch cultures with different substrates; 18.7 to 23'5 in glucose-limited continuous cultures). The possibility that the organism wascapable of utilizing for energy some compounds in the medium other than the added energy source could be ruled out for two reasons. First, the curve relating growth yield and substrate concentration in batch cultures was a straight line passing through the origin. Secondly, growth yield and amounts of fermentation products in glucose-limited continuous cultures were not influenced by addition of arginine, tryptophan, histidine and aspartate ; compounds which are known to act as energy source for some bacteria. The high C-recoveries, especially in the fermentation of citrate and mannitol and in glucose-limited continuous cultures, eliminate the possibility that L. casei could gain ATP from unknown side reactions. Accumulation of intracellular polysaccharides, which is known to increase growth yields, was not observed. Therefore, it must be concluded that the high molar growth yields and YATP values found for L. casei are indeed real. The YATP values found are much higher than the value of 10.5 found by Bauchop & Elsden ( I 960) and several other investigators for different micro-organisms. The YATp values found are similar to those reported by Hobson & Summers (1967) for some rumen bacteria and are somewhat higher than those found by Moustafa & Collins (1968) for certain Streptococcus strains.
In most cases, higher YATP values are noted in complex media rather than in defined or partially defined media. Brown & VanDemark (1968) , who used a simpler medium than we did, found a lower YATP value (10.8) for another strain of Lactobacillus casei. The most striking influence of the composition of the medium on YATP has been found in Zymomonas mobilis. Senez & Belakh (1965) found that the molar growth yield of this organism on glucose in minimal medium is only 4.11 g. dry weight of bacteria/ mole of glucose, whereas in complex medium it is 8-61 g./mole. The high growth yields in complex medium can be explained by the presence of all monomers needed for polymer synthesis in the medium. The lower growth yields in simpler medium might be explained by the assumption that large amounts of energy are expended to synthesize monomers from other constituents of the medium. However, the authors feel that another explanation may be more important. The large difference between the growth yields of 2. mobilis in complex and chemically defined medium (Senez & Belaich, 1965) can be explained by the assumption that the rate at which one or more essential compounds are synthesized in defined medium is rate-limiting, which would cause uncoupling of growth and energy production (Stouthamer, 1969) . More published examples of uncoupling between growth and energy production by nutrient limitation have been quoted by Stouthamer ( I 969). Therefore, we suggest that the difference between growth yields in complex and defined media may be mainly due to this reason.
The maintenance coefficient of Lactobacillus casei calculated from the plot of the reciprocal of YATP versus the reciprocal of the dilution rate, was 1-52 
